ABSTRACT
INTRODUCTION
Cooperative communication has recently emerged as a promising technique to combat fading in wireless networks. It leverages the broadcast nature of wireless channel and enables multiple wireless terminals to assist each other for high quality transmission [1] . Although the advantages of Multiple-input-multiple-output (MIMO) systems are well known, it may be impractical to equip very small mobile equipments with multiple antennas. This is primarily due to the size and power limitations of these nodes. To overcome these issues and embrace the benefits offered by the MIMO systems, the concept of cooperative relaying can be successfully implemented in cellular communications [2] .
Several cooperation strategies with different relaying techniques, including amplify-and-forward (AF), decode-and-forward (DF), and selective relaying (SR), have been proposed and investigated in terms of outage probability and bit error probability [4] . Next generation multihop cellular networks, especially in the infrastructure based relay networks, multiple concurrent transmission from users are expected and should be well supported by relay stations. The selection of subset relays according to the performance metric can further enhance the performance of the cooperative networks [3] . However, how to select the best relays for cooperative diversity in a dynamic network environment is still an open challenge. In particular the work in [5] evaluates the cooperative diversity performance when the best relays are chosen according to the average SNR, and the outage probability. Some researchers have proposed a centralized solution where a fixed node decides which relay will be selected to help the source to forward its information based on perfect knowledge of channel information. In [6] , centralized power allocation schemes are presented by assuming all the relay nodes to minimize the system outage behavior and improve the average throughput. In [7] , the problem of power allocation has been considered for multiple relay systems. The power allocation schemes in [8] divide the transmit power among the source and the relay(s) to maximize the channel capacity or the instantaneous SNR and thus minimizing the system outage probability. Those schemes have high computation and feedback requirements and cannot be applied for cellular system. However, most existing work focuses on relay selection in a centralized fashion. There is already a lot of works related to cluster formation [4] , [7] , capacity improvement [9] and energy efficient cooperative communication [3] , [10] , but little attention has been given to cooperative relay selection on the basis of their location in clusters to improve the energy efficiency and reliability.
In this paper, we propose a completely distributed relay selection scheme for multi-hop cellular networks using Amplify and Forward (AF) protocol based only on the source-relay channel and threshold based optimization. Further this paper describes the idea of distributed spatial multiplexing in wireless multi-hop networks.
The remainder of this paper is organized as follows: In Section II, we describe the system model with threshold based relay selection algorithm for multi-hop cellular networks. The implementation of distributed spatial multiplexing and the evaluation of energy consumption are described in Section III. In Section IV, numerical results are presented and in Section V, we conclude. Fig. 1 , represents a cooperative multi-hop cellular network with Amplify and Forward relaying protocol. The system model considered in this paper is High Speed Uplink Packet access (HSUPA), Release-6. All nodes are assumed to be equipped with single antennas, operating in half duplex mode and each transmission link between any two nodes are modeled as Ricean fading channel. In the general cooperative phenomenon, source broadcasts the information to selected relays and Base station [BS] in phase 1and from phase 2 relays retransmit the amplified version of information to next selected best relays in neighboring cluster. This process continues in multiple phases until relays retransmit the information to BS with minimum acceptable bit error rate [BER].
SYSTEM MODEL

Threshold based relay selection
Energy efficiency of cooperative communication in a clustered network has been investigated in [11] . In [11] , nodes collaborate on signal transmission and/ or reception in a deterministic way. It is shown that if the long haul transmission distance between clusters is large enough, cooperative transmissions can dramatically reduce the total energy consumption. Energy allocation can further improve the performance of cooperative communication. Optimal energy distribution among cooperative nodes is studied in [12] to minimize the link outage probability. In amplify and forward cooperation protocol, considerable energy saving can be obtained even if source contain few channel information bits [6] .
Cooperative communications in wireless networks can be more beneficial if transmit cooperative relays are at equal distance from the intended receiver. Propagation measurements in a mobile radio channel indicate that the average received signal strength at any point decays as a power law of the distance of separation between a transmitter and receiver. Based on these distance estimates source allocates an equal-power group identity (Cluster) to those nodes which lies within a certain range, K= min(
, where K represents number of nodes in each cluster. In addition to this the cooperative nodes should be at minimum distance from each other to save energy in local communication within the cooperative relays cluster. We propose Threshold based relay selection algorithm, which generalizes threshold digital relaying to multiple relays. The relay who's SNR larger than Threshold (T) are allowed to retransmit.
The PDF of the SNR is given as
where SNR k,l is the signal to noise ratio on the link between two nodes k and l, λ k,l = E(SNR k,l ) and E(.) is the expectation operator. Assume that A is the number of relays having an SNR greater than the threshold T. The probability that A equal to two, means that only two relays are participating in cooperative transmission.
EVALUATION OF ENERGY CONSUPTION
In order to achieve high throughput and spectral efficiency we split the data stream into several sub-streams and transmit the sub-streams simultaneously over spatial sub-channels. These subchannels are created in a distributed fashion by the network itself.
Distributed Spatial Multiplexing
Consider a wireless network as shown in fig. 1 , where a single-antenna source wants to send a data packet of length P T to a single-antenna destination over 
, where K is the number of forwarding relays in a cluster.
Signal and Channel Model
All signal arrivals and departures are perfectly synchronized. The nodes cannot transmit and receive simultaneously and transmitted signals only reach the next cluster. The equivalent complex baseband signals received by the relays in the first cluster are stacked into a vector 
the complex path gain from relay i in the last forwarding cluster to the destination. The covariance matrix R is given as
Where 2 σ denotes the noise power at the destination.
Evaluation for Energy per Bit
We have modeled the cellular network with Ricean fading channel model. In the particular arrangement of cooperative multi-hop network shown in Fig. 1 , where all relays are at same distance from the intended receivers, following equation (6) represents the total energy required per bit per hop,
where α is depends upon the drain efficiency of power amplifier in transmitter circuitry, ρ is the signal power to noise ratio at each of the receive node, N 0 is AWGN power spectral density, d X_S (i) is the average distance between transmitter and receiver, λ is the carrier wavelength, , G t G r are antenna gains of transmitter and receiver respectively, M l is the link margin compensating hardware process variations and other noise or interference, N f is the receiver noise figure, R b is transmission rate and P tx_elect (180mW), P rx_ elect (200mW) are power dissipated in transmitter and receiver circuits, respectively. The transmitted power depends on ρ and bit error 
Note that typically b depends on the minimum distance in the consolation and depends on the number of neighbors with minimum distance. The bit error probability of most popular schemes can approximated as, for BPSK (b,a) = (0.5,1) and
Based on this general P b expression, the average bit error probability under Ricean fading is expressed as
Therefore, the bit error rate probability and energy per bit will eventually converge to a value solely determined by the distance between the neighboring relays, modulation schemes and the respective SNRs.
NUMERICAL RESULTS
To demonstrate the efficiency of the proposed framework, we assume the proposed network is High Speed Up-link Packet Access (HSUPA), Release-6 (category 6). BW=2000MHz, Transmitted power of UE = 21dBm (Class 4 UE), number of multi-hops (Phases) = 3. Data rate=5.8Mbps, Radius of cell site=600m, and the number of data bits in a packet=1024bits. Fig.2 depicts the computational experiments carried out on a set of moderately sized network with 50 random nodes, distributed in 600X600 grid. Fig. 3 , represents threshold based selected nodes in each cluster. The number of clusters are confined to L=3 for simplicity. The cluster and best two relays are selected based on distance and threshold criteria. Fig. 4 , provides an analysis of Distributed Spatial Multiplexing (DSM) bit error rate at selected multi phases. Because of the Amplify and Forward relay protocol implementation in DSM, it is observed from various iterations that BER increases with number of multi phases. Fig 5 and 6 , demonstrates the energy consumption per bit for multiple phases, selected at different locations. 
CONCLUSION
In this paper, we provided a frame work on multi-hop cooperative cellular network, in which the evaluation of the system is carried out in two phases. Threshold based relay selection Algorithm is proposed with less complexity and fairness for cellular networks. Furthermore, Distributed Spatial Multiplexing (DSM) with Amplify and Forward relaying is analyzed for multi-hop networks. The numerical results demonstrated the energy consumption per bit for both schemes under distance and diversity metrics.
